Abstract: Three aspects of poststroke cognitive impairment and dementia are discussed in this review: prevalence; diagnosis; and treatment. The aim is to increase awareness of poststroke cognitive impairment in order to further stimulate strategies to recognize the condition and to prevent its progression. Approximately two-thirds of all middle-aged and elderly stroke patients develop cognitive impairment, and one in three develops dementia. The standard reference for diagnosis is a detailed neuropsychological examination. Short screening tests have been used for both clinical and research purposes, but their sensitivity is limited and there is no consensus as to which test is the most appropriate. The treatment of poststroke cognitive impairment and dementia is based on effective treatment of vascular risk factors, including lifestyle modification when needed.
Introduction
Poststroke cognitive impairment (PSCI) is defined as failure in any cognitive domain after stroke: executive function; memory; language; visuospatial ability; visuoconstructional ability; or global cognitive function. Poststroke dementia (PSD) is defined as any dementia occurring after stroke: vascular dementia; Alzheimer's disease or other degenerative dementia; or mixed dementia. The concepts PSCI and PSD usually refer to conditions occurring after symptomatic strokes with corresponding ischemic findings upon neuroradiological imaging. Also, seemingly asymptomatic strokes -a common incidental finding in patients both with and without symptomatic strokes -add to the vascular burden of the brain.
Even though PSCI and PSD may not be purely vascular in origin, they can at least partly be regarded as categories of vascular cognitive impairment (VCI).
1 VCI has been proposed as an umbrella term to recognize the broad spectrum of cognitive and behavioral changes associated with vascular pathology. 2 The most common causes of VCI are small-vessel disease, large-vessel disease, and strategic infarcts that may be either cortical or subcortical. 3 VCI may also be the result of hypoperfusion, hemorrhage, and hereditary conditions (for example, cerebral autosomal dominant arteriopathy with subcortical strokes and leukoencephalopathy). All of these subtypes of VCI may appear poststroke.
The widening use of magnetic resonance imaging influences and may even exaggerate the estimate of the vascular burden behind cognitive impairment because vascular changes are more apparent than degenerative ones in neuroradiology. 4 On the other hand, depending on their location, vascular lesions may be more expressive than 
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Melkas et al they seem, disrupting interconnections between several distal regions. This applies, for example, to lesions in the basal ganglia and to the deep white matter, which damage the frontal-subcortical network and associate with executive dysfunction. 5 The thalamus is another example of a strategic infarct location that may also cause amnestic dysfunction, in addition to executive defects. 6 According to prevalence studies, 7, 8 the time of the first cognitive assessment varies from 7 days to 20 months after the index stroke. Assessment at 3 months poststroke has been widely adopted in research, which is in line with the common practice of assessing a patient's functional status at 3 months using the modified Rankin scale. 9 The longitudinal follow-up times of PSCI and PSD cohorts extend to up to 25 years.
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Course and prognosis of poststroke cognitive disorders
The major determinants of PSCI and PSD are advancing age, low education, and prestroke cognitive impairment or dependency. 11 Standardized questionnaires such as the Informant Questionnaire on Cognitive Decline in the Elderly enable the assessment of prestroke cognitive status in order to differentiate new-onset PSCI from prestroke conditions. 12, 13 Prestroke dementia has been shown to associate with medial temporal lobe atrophy and family history.
14 However, the exclusion of patients with prestroke cognitive impairment from a study does not necessarily exclude all patients with an Alzheimer-type pathology. 15 A stroke seems to be able to initiate a vascular exacerbation that increases the likelihood of clinical dementia diagnosis in a patient with, for example, subclinical Alzheimer's disease. 2 In the elderly in particular, incident ischemic cerebrovascular disease is related to the clinical expression of dementia associated with Alzheimer's disease pathology. 16 It has been suggested that microangiopathy-induced leakage of apolipoprotein E might represent a pathogenetic link between cerebrovascular disease and Alzheimer's disease. 17 A degenerative component seems to be important particularly in early-onset PSD, which refers to dementia that develops immediately after stroke. 18 An important aspect in PSCI and PSD is the influence of a previous stroke. Some studies pinpoint multiple strokes as the central cause of the transition from PSCI to PSD, 14 while others highlight the cumulative effect of white matter changes, hypertension, and amyloid deposits in the brain's parenchyma and blood vessels. [19] [20] [21] As demonstrated in the multicenter European collaboration study, the Leukoaraiosis and Disability in the Elderly Study (LADIS), 21 severe white matter changes predict a rapid decline in global functioning and more than double the risk of dependency during a 3-year follow-up. All three mechanisms are probably of importance and offer targets for preventive strategies: degenerative mechanisms; recurrent stroke; and the progression of smallvessel disease.
Cognitive impairment no dementia is a potentially reversible condition; approximately 16%-20% of elderly stroke patients with cognitive impairment improve during follow-up. [22] [23] [24] However, cognitive impairment no dementia is associated with poor poststroke prognosis in terms of functional independence and survival. 25 Deficits in executive functions, and visuospatial/constructional abilities in particular, have been associated with impaired mean survival from approximately 10 years to 6 years in a cohort of stroke patients aged 55-85 years. 25 When the deficits are serious enough to meet the criteria of dementia, the prognosis becomes deleterious, not least because of the failing adherence to secondary prophylaxis and the increased risk of recurrent stroke. 26 Several studies have shown that PSD is independently associated with increased poststroke mortality, after adjusting for vascular risk factors and stroke severity. 12, 13, 27 It is still unclear to what extent the prognosis of PSD improves with the more intensive treatment of vascular risk factors, as compared with standard treatment. The emerging results of the Secondary Prevention of Small Subcortical Strokes trial will address this question, comparing intensive blood pressure control with standard blood pressure control and investigating the prevention of recurrent stroke and the reduction of cognitive decline as primary outcomes.
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Factors influencing prevalence and incidence
It is acknowledged that approximately two-thirds of stroke patients develop any cognitive decline (ie, either cognitive impairment or dementia). 11 One in three patients develops dementia, 11, 14 with the prevalence and incidence being highest within the first year after stroke. 11, 23 However, the prevalence of PSCI and PSD varies due to the heterogeneity of the studies. The heterogeneity is mainly explained by three factors: whether the study is hospital-based or populationbased; whether patients with prestroke dementia were included or excluded; and whether only first-ever or only recurrent strokes, or both, were included. 14 The distribution of the anatomical location of stroke in the samples is also variable and influences the outcome. Other varying factors are the age of the study population, the timing of the cognitive assessment, and the differing exclusion criteria (for example, the presence of aphasia). As vascular dementia is the most important category of PSD, the diagnostic criteria used for vascular dementia greatly influence the exact prevalence rate. Several studies have shown that the prevalence rate of poststroke vascular dementia is lowest when the National Institute of Neurological Disorders and Stroke -Association Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-AIREN) criteria are used, and highest when the Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition (DSM-III) and the International Classification of Diseases, 10th Edition, Neurological Adaptation (ICD-10-NA) criteria are applied. 23, 29 The NINDS-AIREN criteria require evidence of cerebrovascular disease in imaging, whereas the DSM-III and ICD-10-NA do not require such direct evidence. In most studies on poststroke cognitive decline, the diagnoses lack neuropathological verification, leading to some degree of uncertainty concerning the diagnoses.
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The prevalence and incidence of PSD Leys et al 11 showed in their review from 2005 that in community-based studies, the prevalence of PSD was approximately 30%, whereas in hospital-based studies the prevalence ranged from 6% to more than 32%. Incidence studies showed that stroke doubles the risk of dementia, and that this risk is at its highest within the first 6-12 months. Furthermore, the risk of delayed dementia, including presumed Alzheimer's disease, was also doubled after stroke. The follow-up times in the reviewed prevalence studies were up to 36 months.
The systematic review and meta-analysis by Pendlebury and Rothwell 14 indicated that the PSD prevalence rates range from 7%-41% -the lower percentage appearing in population-based studies of first-ever stroke patients, and the higher in hospital-based studies of recurrent stroke in which prestroke dementia was included. Of patients suffering a first-ever stroke, 10% soon developed new-onset dementia, and more than one in three suffered from dementia after a recurrent stroke. The follow-up in the hospital-based studies lasted predominantly up to 1 year, whereas in populationbased studies, the follow-up extended to up to 25 years.
The prevalence of PSCI
Most studies on PSCI have used brief screening measures in assessing global cognitive status -for example, the Mini-Mental State Examination (MMSE) or the Abbreviated Mental Test 31 -instead of a more detailed neuropsychological evaluation. Therefore, the full prevalence of multifaceted neuropsychological symptoms in stroke patients remains to be discovered in detail.
In the Helsinki Stroke Aging Memory 32 cohort of patients aged 55-85 years, a comprehensive neuropsychological assessment was conducted 3 months after the index stroke. This revealed that 83% of the patients showed impairment in at least one cognitive domain and 50% were impaired in multiple ($3) domains 3 months poststroke. In cases with good clinical recovery (modified Rankin Scale #2), the prevalence of any cognitive deficit was still 76% (Hietanen et al, unpublished data, 2014). Only 29% of the total sample and 13% of the cases with good clinical recovery scored below 25 on the MMSE. The 12-year follow-up revealed that cognitive impairment, particularly in executive functions and visuospatial/constructional abilities, relates to poor survival. 25 The Sydney Stroke Study 15 analyzed the neuropsychological profile of VCI and vascular dementia in stroke patients, including patients with a history of a previous stroke. Two in five patients were diagnosed as having vascular mild cognitive impairment 3-6 months after the stroke, and one in five patients met the criteria for a diagnosis of dementia. The domains that were most affected in patients with cognitive impairment were abstraction, mental flexibility, information processing speed, and working memory.
In the South London Stroke Register, 33 cognitive impairment was assessed with the Abbreviated Mental Test 3 months after the first-ever stroke and at annual follow-up visits for 14 years. The overall prevalence remained relatively stable: 22% at 3 months; 22% at 5 years; and, finally, 21% at 14 years. A significant, progressive trend in cognitive impairment was associated with small-vessel occlusion and lacunar infarction.
A recent review by Makin et al 34 on cognitive impairment after lacunar stroke showed that approximately 30% of patients develop cognitive impairment in the 4 years following a lacunar stroke, a proportion that is comparable to nonlacunar stroke. Accordingly, in the LADIS, 35 the number of new lacunes during a 3-year follow-up was related to progressive cognitive impairment, which was apparent as a decline in executive functions, as well as in speed and motor control. Edwards et al 36 found in their systematic review that cognitive impairment after lacunar stroke involves multiple cognitive domains. In an autopsy study, 37 lacunes in thalamus, basal ganglia, and deep white matter in particular have been associated with cognitive decline. 
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Diagnosis
The standard reference method for the assessment of cognition after stroke is the neuropsychological examination. In research, it is usually conducted 3 months after a stroke, but in clinical practice it follows earlier, from 1 week to 1 month after the stroke. However, a neuropsychological assessment is not always available for all stroke patients, and patients may be too disabled or fatigued to complete the test at the acute stage. Shorter screening tests for PSCI and PSD have been used both at clinics and for research purposes, but there is no consensus as to which test is the most appropriate. It is worthwhile to remember that screening tests have been developed for elderly patients in order to screen for a cognitive impairment that already meets the criteria for dementia. In less severe cases, the tests' lack of sensitivity is apparent.
The MMSE is widely used, but it is insensitive to mild cognitive impairment and executive function. [38] [39] [40] The same applies for the Abbreviated Mental test, which is used in two variants: the Hodkinson Ten-Point abbreviated mental test and the shortened four-item test. 30 The Montreal Cognitive Assessment (MoCA) 2 is more reliable since it also includes executive and attentional tasks, but its overall sensitivity for mild cognitive impairment is still restricted. The MoCA was originally proposed by the NINDS-Canadian Stroke Council harmonization standards for the detection of VCI for epidemiological research purposes. 2 A recent study in a clinical setting indicated that the MoCA score at 5-9 days after stroke was independently associated with the occurrence of dementia at 6-9 months. 41 The Cambridge Cognitive Examination (CAMCOG) and its shortened version, the Rotterdam-CAMCOG, are brief neuropsychological batteries that are used to detect a range of cognitive defects from mild cognitive impairment to dementia. 42 Although originally designed to detect primary degenerative dementia, they have been used to detect PSCI. In a recent study in a population setting, 43 the CAMCOG memory subscales predicted dementia accurately, but the nonmemory scales had lower accuracy.
In the setting of the LADIS, the Alzheimer's Disease Assessment Scale Cognitive Subscale and the Vascular Dementia Assessment Scale Cognitive Subscale (VADAScog) 44 were compared to determine whether they differentiated between the three groups of white matter changes -mild, moderate, and severe. 45 The VADAS-cog, and especially the additional tests measuring processing speed and executive functions, had a highly significant relationship with the white matter changes.
Lees et al 46 recently compared the accuracy of several brief tests for the screening of cognitive impairment and delirium in acute stroke, using the MoCA as a reference standard for cognitive function, and the Confusion Assessment Method for delirium. 46 The results suggest that the 4-A Test 47 is a favorable choice for both delirium and cognitive screening. The 4-A Test is comprised of four components based on direct assessment and observations, enabling the differentiation between delirium and cognitive impairment. The authors conclude that informal assessment of cognition and delirium is not sufficient in acute stroke, but unfortunately the existing assessment instruments are not specifically designed for acute stroke. Further test accuracy assessments are needed to reach a consensus about which screening test would be optimal for the detection of cognitive impairment in stroke survivors.
Treatment
Due to the heterogeneity of PSCI and PSD, their potential treatment strategies range from preventing new strokes and preventing white matter changes, to treating hypertension as well as other underlying vascular risk factors, while preventing amyloid deposits. 2, 16 There are no treatment trials conducted specifically on patients with PSCI and PSD. In practice, the guidelines for the treatment of VCI and vascular dementia are applied, and in the case of Alzheimer's disease or mixed dementia, the target is to address the cholinergic deficit. The choice of antiplatelet drugs (aspirin, or aspirin plus dipyridamole, or clopidogrel) and anticoagulation is made according to the stroke prophylaxis guidelines. It is, however, important to note that beyond the acute phase treatment with alteplase, there are no other stroke treatments approved by the US Food and Drug Administration (FDA).
The management of vascular risk factors (hypertension, hyperlipidemia, diabetes, smoking, atrial fibrillation, and other arrhythmias) is essential, but little evidence exists on how this influences the course of cognitive impairment. The Perindopril Protection Against Recurrent Stroke Study (PROGRESS) and the PROGRESS magnetic resonance imaging substudy have emphasized the importance of antihypertensive treatment in prophylaxis against white matter changes, 48, 49 showing that the administration of an angiotensin-converting-enzyme inhibitor and a diuretic delayed the progression of white matter changes in patients with a clinical stroke.
Specific therapeutic trials on VCI have focused on vascular dementia, using NINDS-AIREN criteria. Modest cognitive improvement has been demonstrated with donepezil, galantamine, and memantine, but this is not reflected in global functioning. [51] [52] [53] Neither VCI nor vascular dementia are official indications for any pharmacologic treatment in Europe (European Medicines Evaluation Agency) or in the US (FDA). In mixed dementia (Alzheimer's disease together with vascular components), galantamine seems to improve both cognition and global functioning. 54 In PSCI and PSD, it is important to effectively treat associated conditions such as depression, delirium, sleep disorders, and pain. Several trials are currently being conducted regarding the treatment of poststroke depression. For example, fluoxetine has been shown to have an effect on both cognitive and motor recovery, 55 and previously a small study on sertraline demonstrated benefits on executive function testing. 56 As Alexopoulos et al 57 have stated concerning the depression−executive dysfunction syndrome, executive dysfunction (but not other cognitive abnormalities) seems to influence the course of geriatric depression. 57 Delirium during the first week after stroke is associated with an elevated risk of dementia at 3 months, 58 and it must be treated promptly in order to minimize this risk. Poststroke fatigue also aggravates PSCI, 34 and although it is challenging to treat, efforts can be made by, for example, managing sleep disorders.
Cochrane reviews have reviewed nonpharmacological interventions (mainly cognitive rehabilitation), but the conclusion is that more studies on this aspect are needed. 50 Physical activity has been identified as a promoter of the structural integrity of the central nervous system, suggesting that physical activity counteracts age-related declines. 59 A 4-year clinical trial testing an exercise intervention with cognitive function as a secondary outcome is expected to provide more information on the matter in the near future (The Lifestyle Interventions and Independence for Elders Study).
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Conclusion
Cognitive impairment is a serious threat to poststroke recovery for patients in all age categories, compromising one's ability to work, and leading to early dependency. A comprehensive neuropsychological evaluation is the best tool for the diagnosis of PSCI. If shorter screening measures are used, it is important to be aware of the fact that their principal range of use is in diagnosing dementia in elderly patients, which may leave less severe conditions undiagnosed. The treatment of PSCI and dementia is based on the effective treatment of vascular risk factors, including lifestyle modification when needed. Treatment of associated conditions such as depression and delirium is important in order to both prevent and manage PSCI and dementia. Early recognition of these conditions is crucial, because when the deficits are serious enough to meet the criteria of dementia, the prognosis becomes deleterious. The key issue to investigate in future research is the role of different risk factors in the transition from PSCI to dementia.
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